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COMPLETE SFEOFXCATION 
Iiiiim>Twieitt8 rdating to Electrodialytic Cells 


ytj Tbe Fesmutit Oo^cpany Lzmhed^ a 
Bdtisli Gompanyj cf Pennutit Hoos^ Ganners- 
Imiy Avame, Lcmdmi, do haadby declare 
die inyexxtioii) for xdikh we pcay that a pateot 
mav be gramed ta 11% axid die mediod wb^ 
it Is to be -pafomed^ to be pamculaiiy 
descried in and by tbe fc^owiog state* 
ment:— 

It is Imown to remove dissolved salts from 
liquids hy passiog tbe liquid in qa^<m 
duoug^ eveiy ahcmate compaitmenti of a 
mnlnrCQiiq>attmcnt dedxudia^T^c oeHin wbtdi 
die compartments are siqiaiBted £roni one 
BQodier hy ioitMlective inemhraDca, 

Fhicesses off diis land ace vety auftalile for 
the dfimfaienHsatioa of water by dbe passage 
of the water tfanwab coodpaztmenta eadi 
boonded cm one side by catiuhsdectlve 
iticmbrane and on the other side by an anixmr 
sckctive menlaaii^ while ^.secoiuj dectto^ 
{osuaQsr also water) flows thzofi^ die zemam- 
soig compartaueDts to zeoeive me ions tnma- 
pocted tfitoog?! the membzanes the decode 
cuzxent flowmg thtou^ the cdL When the 
totd amoant of dissolved solids in the water 
under treatment falls to about 500 ppm or is 
no more than this inMalfy, it is necessary to 
ap^y so hi^ a vdtage to die cdi that the 
process ceases to be economic. 

Xc is also^ known to fiE tbe ooi^Mfftments 
wtdi granular lonoochaxige materud. The 
Tcasoa for dmDjg this is to increase die eleo 
trictd cfxaivcivnty in die oonmartmenfo and so 
to reduce tbe o^rmn dectaical resifitaiic^ 
the CGucentradon <tf ionised dissolved so&is 
in the limud is low. 'Gmseqneatfy water con- 
taining kss than 500 jmn total dissolved 
soUds can be eoQaomicauy trciaed 

The gramdar ion-exdun^ inareriHis most 
widely used at the pre^nt time are resin beads 
of from 05 to 1 mm m diameter. Now the 
iise of granules nicii as te«n beads has several 
disadvamages. Firs^ it is difBcok to eDSQze 

[Friu 3s.6d.] 


diat they are initially distributed evenly within 
a aanpartmeot and that the several conqjart- 
ments throng vdiich tbe liqmd to be treated 
nsoafiy flows in pataUel streams ate evenly 
packed. If one compartment cmitains more 
grannies than anodierj less jiqpid w9l flow 
dmn^ it than timm^ the ooier. Next it 
ia difficult to ixep the grannies in place in a 
CQDC^mrtmenL At die b^ tiie imcked mass of 
grannies becomes displaced by the liquid, wkb 
the result diat diannelling widi its atteni^nt 
drawbacks occurs. It may even happen diat 
wme of die gnmnles are swqit ont die 
compartment Co lodge in and dog the passage 
dmmgb which the iiqnid flows after leavizig 
the compartment 

Again, the assembly of a ceU containhig 
grannies is very tedious and it is di:fficnlt to 
wcmt tbe grannies from lodging between 
me snzfiices wludi ahoold mate to seal each 
touipaxtiuent bom next Fmtiberj where 
the padced mass of granoks touches the men»- 
brane faces the geometry of die mass is 
different from that in die rcmahider <tf the 
mass, and moie li^ld tends to flow along the 
walls than throng the bulk of the mass* 
This uneven flow is xmdesicable; FinaKy^ if 
die compartments are mdasd with granules 
tlie total renstanoe to die flow of the liquid 
is increased and the cost of ponqong the 
Uquid dixou^ die cell is higjL 

According to diis invention we nse not 
hfiads but sheets <£ material having ion- 
eschange properdes which m^ be pieces dt 
ion-selective membraxte. Tbe sheets may be 

rt bi all die co mp artments but in genenl 
is e^ogb to put tbem in diose ooaoogffirt- 
ments dzttrog^ \idiich die liquid nnder titat- 
ment flows and in v^iich the decttidyte ootk 
ceniration is becomes low. 

The dieets may all have ion-esdiange pro* 
petdes of nnly one kind» but if it is de£ed 
to have bodi cati<m<xchange and anioih* 
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^change in ?T*™^ in smg^e cQn^amneoty 
dieetB cf bodi Imids of matenal may be put 
jn die oaa^aztmeot or die sheets used msy 
^^nmafn bodi CBtion-ezdiaDge and anksn- 
exchange groups, , ^ . , 

Hie sheets nny advantageously be of snb- 
stamMly die same lengdi arf widdi as the 
xziembtane faces ^Txthhi the coiDpflitmeDts. As 
18 the case vddi beads^ die ^leets mnst allow 
Hqcnd to flow through die ocHopainncnts. To 
this ctid they may be flat andpafaiated^ oomi^ 
gated widi cor without p«oratioQS» or em- 
bossed with & pattern; ttcy may h ^ci gxazs 
Of woven fafaziC) or they be fonncd of 
giamiles fi^idy cvmnired togedier, so as 
be liamd-pexmeaUe: Mteta^&7dy thi^ Aem 
maybe smaller tlian the con^iartmaii^ for 
CTHTnpift dxev may be pieces cot from larger 
Elects. Sndb cot |i3eccs be of any 
gjfW legoliar or mqsular. 

ioL any case die Aeets are paiaM «r sob- 
standaDy paraUd to the zDembiane faces, 
gmefe a oon^artment is notmaltf vety nancw 
axid.a shfet can be inseitBd m it widi the 
inafor &ces of the sheer pataBd to the menir- 
brane faces. Varioas atrangiements can be 
used to give the required dow. Bor eaa niplc ^ 
the sheets may be touugaced with the eotcii- 
gatlons parallel to the direction of dow or 
may be comigatcd and perfocated widi /die 
coimgatians fymg at any an^e^ or be flat and 
peif oratfid in sodi a way diat the petfoiadans 
hi -one -sheet axe' staggered idaiive to those 
hi thfiseaoi sheeC . 

The sheets m^ ouisl^ of pJeoes <tf ganze 
«v woven fidak caiij^iiig ionreachan ge gro a^ 
For instance^ tiuy msY be cotton mdc or 
ganze chemicaQy treated (and so rendered znflce 
orlessz^id) tointtodoceion-ezdiange gcom)s. 
Again, may be pieces of a pnze of a 
resn pobraiei^ e^, pot^r^hijl duod d^^ thg 
■ strands of the gauze bexog coated widi an 
ifn^eacdbange redn or widi portides of snch 
a xesni "^n hf^AeA hi a matriz.^ Sudi fhceta . 
are nittozBQy perforated and it is soffideat 
to pot them ia face contact with tme another 
in the cxnapaitmenr until this is fbU of die 
pdfiorated uie^ If die weave is very dose^ 
itmaf be necessary to maise perforatiQDs in 
a fabric. Snmlazl;^, if a oo^in^ on a ganze 
WfiAg die iotexsticeai, perfasrations xasy be 
made in the ganze. 

Yet qgnirij me Aeets may be emhOKSCd so 
Bs to resemble paxaUd lods Jmned to one 
another by thmner webs. 

The dlmmsTons of a ^p^cql conqpax^oicnt 
ia a smaU cdl be 12 l^toX 12 im^X 
50 thoasanddis of an fadi. .Such, a ooomait^ 
m g n t may t'^witw?" no more than two she^ 
if these are petforatBd dieets each 12 indies 
square aiid & thonsanddis of an inch dik^ 
spdi AedtarmfQr both be peifmed.witfa bide% 


8ay> i tnrh 5^i»mi<>fgr 2a a dose regular p att e rn 
bnt cSset from one another in the two dieeta 
One sodi piece may have cadkHi^g d i an g e pro* 
perties and the odicc amoorexdiange pxo- 
perties* ^ 

Again tdeces hi the form ci discs cat mm 
a htige ^eet may be i indi in d imnrt i T and 
25 diou^nddis of an inch tUd^ and wsf be 
arranged etdicr so diat die one 1^ is aU 
of the <me type and the odier layer all of ti^ 
odier type or cadi appear in botti 

When fahdc or ganze is used it may oer 
ssy> 5 thonsanddis of an indi thid^ bym 
hmg laid in &oe G^mx widi <me anodK^ 
tt> fin the c uiupai uneoL Thelaynsmay alter- 
BBte in tiidr loiHaEC^n^j 
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6« A ceU aocQcding to any one of die pt&' 
cedhig daims m ^v^idi the ^eets are of fiaSsnc 105 
or ganze carrying ion-esdiange groups. 

7. A process for tlie demincrafi^tion of 
vi^ter passage of water throogji alten^le 
co mpartm ents boonded on one side by a 
cation-selective membrane and on the other 
side by an anhm-sdecdve membrane in a 
SQolti-om^paitment dectrodialytic cdl while a 
second electrcityte flov^ throt^ die remninirw 
conqyartmoitd^ the conmartments throng 
'frisldi die water to be doimenJised flows COS)" 
t»tifMng ion-czdiange matrrial to increase die 
dectrical conductivity therein wiiile allowfaig 
die water to flow tiiron^ the uompaitme ntB^ 
in vrtndi tiie matedal is in difict 


WHAT WB CXAIM — 

1. A mnht-oon^attment dectiodi^lie odi 
in wfaidi die ounpartments ate separated ftom 
<me anodier by ionrsdecthre menifacanesb and 
Tfi^^t ^rM having icBwrsdiange properties is paJO* 
'vided in' sosne or all tf the compartments to 
iocrease tte f|p<tffc?l condimivity tbetcm 
irinle allowing fiqqU to flow thnngh the 
^it w^ii ir ||i i# j ' i t a , 2n iKMdi tbe matedal is hi 
{^^^^^yr form* 

2. A odI acoordmg to Qaim 1 in "windii 
die sheets are of sabstahtislly the done laigth 
aod widtii as the membrane &oes widiin die 
oo!Doy^artnient8» 

3. A cdl aocotdhig to Gbhn 1 os Qsam 2 
in which die oHx^artments oosttam at least 
one sheet with catkmreacdiaqge ptoperdes and 
another with anion-cgdiange pnopctdes. 

4^ A cdl acoordhig to any one of tiie pro- 
oei&g daims in which the dieets are 
perforated. 

5, A cell according to any one of tiie pre- 
cianns in whidi die 


110 


115 


For tlie i>^^caii tB: 
GDLL, JENNINGS & EVERT, 
Qiarteced Dstesc Agents 
51—52, Ghanoenr l/nfj Losidoi^ W.C2. 
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PROVISIONAL SPECIFIGATION 
Improvements relating to Electrodialytic Processes 


W& TOB PBHMPn X QPMF AHY LXMIXEDy a 

Brtish Qonxpossf^ of Fcrinutit Hoosc^ Gnnncr&- 
* bory Avemie, L(mdQD« do dec^ 
tlils istvaxdoa to be descnbed in the following 
S atHtcmcDt;-^ 

It is known to remove dissolved salts from 
Hqiiids by passhsg the Hqiiid hi qnesdon 
throog^ every alipriiBle oQzujMiunent d & 
xi ffl]|t'<«^i*n*^'^j^ ^ f?w?f|t > ^yy>Tyt!ic ocUhi which 
10 the oonipaxtznents ate sepatated from oce 
another by ioot^clective mcmbtanes. 

Brooeffiea of tMs kind are very suitable for 
the dcinlocralfsatian <tf water^ bat ^rfien the 
total uiiiouut of dissolved scalds fslls to &boat 
IS 500 ppm. or is no more than this hxitM^^ 
it is p cccssa iy to spply so hig^ a vDhsge 
to die odi mat the process ceases to be 

Jt is also kuowii to fill the couiparLQCtents 

20 with gtannlar iaa<S!dban|e mateciBL The 
advantage cf do^ng tiiiB Is tiiat die overall 
dectnau ledstance is reduced ^ifhsn the ccn- 
centradon of ittiised dissolved solids In die 
Ikuid is low» and conseqtxendy water con- 

25 taming less than 500 ppm. total dissolved 
solids can be eomnrnfcaliy treated. 

The gtamilar ion-ezdiange materials most 
uridety used at die present time are resin 
beads of fcom 1 to 2 xnm in diameter. Now 

30 die use of gcanoles sadi as resin beads has 
several disadvantages* Firsts it is difficult to 
ensure diat they are initially disttibated eveoly 
within & compBrtniept siul duBt the several 
conqramBcnts throiig^ wUch die H^dd to be 

39 txca&d nsofllfy flows hi paraUd siwuiiw ace 
eveofy pacfeed* H one cofuq^artment wntsltM 
more BtBiniles than aiHidierj the stieains flow* 
iiu nmnigh them wiE d&er.^ Nest & is 
dSDCOlt to fcetP the Hrflnnles m pl?*^ m s 

^ oompaxtDBcntAt die best die racked mass of 
granides becomes di^laoed by die Hqoid, with 
die result diat t^^^t^^m^ 'mh its attmdant 
drawbacks occ&rs. It may even bs^ipen that 
some of die gcannlcs ate sw^pt oat of die. 

^ unnipartinent to lodge in and idog the passage 
thnug^ wfaidi die liqidd. flows after lesving 
the ^oftipcfftn^ffflti 

AgaiD) the assembfy of a cell coutslning 
gnamtes Is very tedions and it is difiBcoIt to 

^ preveot fte gtannles from kxigtog between 
the snrfarffl windii should mate to seal each 
conqnrtment &om die neit. Ftnthery where 
thepsbcked man of grannies toudiestlte menn 
brane faces die geometry of the mass is 

55 different from that in the reniRindff of the 
mass, sod mote Uqtdd tends to flow aloogdie 
Trafls than dtraug^ the bdk of tiie mass. This 
nnevm flow is nndesirable. Fiii^> if the 
compaitm ents are padded with erannles die 

€0 total resistance tt> die fbw of tbc Hqmd is 
increased and the cost of pomping the liqoid 
duoog^ the cdl is Ini^h* 


Accordmg to this invcntimL we pot jji ioo- 
esdiange material into a cell in me fona of 
pieces hayhig at least one dmiensfmij and too* 05 
f eiabfy two dimensions) distiiictfy larger diau 
^ nsnal beads. We are able to use fewer 
pieces, and in die preferred forms far fewer 
pieces, than die mimber of grannies xcijtiited 
hidierto in a omtpartment. Li fact at least 70 
it is possible by means of die invention to 
amd tSl the disadvantages ^ssGxibed above. 

The pieces m^ aH have ioD-eschange pro- 
perties of only one kniud, but if it is de£cd 
to have bom cadon-achange and anioo- 75 
exdiange material in a sing^ uniipdiiment^ 
peoes of both kinds of material may be pot 
m the compaitin cnt or the pieces used may 
contam both, cfffiort ^f* ^""^^y wtHi amoi^ 
esdiange groops* 00 

The^ pieces of lon-eKchange matedal used 
aocordipg to this hiyeodon may be dongated 
hi <me mmendoo, ie. be of a generally rod 
Uke fonn^ at in two dimendoos^ ie; m die - 
form of die^ UsaaDy one or more major 85 
dixnensiosis in eadi piece is or are snbstan- 
dally gteacer *^'r\ a minor rltTngnpftn. Eacht 
major dimensiQa is preferably ^eater than 
the thickness <f die 

and in genoal diue pieces ^ have at least 90 
one ma|<xr dimensian of at least li? tf an fri^li, 
The pieces may diemsdves be compodt^ 
beiog con^)06ed for ezanq;^ of sliQrt len^hs of 
eiffmded rod joined tO|;^her. Ag&^ a com- 
posite piece may consist of grannies H^bdy 95 
cemented together, e^ into a sheet, so as 
to be liqnidpermeafale, A cnttiog may be 
made from a cosn^odst sheet md used as a 
piece. 

Advantageously pieces of ionrexdiange lOO 
material may be sheets of a dze fpi^^^t to 
cover the vdiole of a membtane face within 
a anr^partment These dieets may Jbe da^ 
cormmed^ or embossed with a pattern; diey 
may be <rf ganze or woven fahdc^ or they 105 
may be formed of cemented granular mnrrrial 
as nifintl<med above. Akemativcly the sheets 
may he analler than the cong>flztmen^ for 
exaxnple di^ may be pieces cot from larger 
sheets. Sm£ cut jgieoes mi^ be of any shs^ HO 
either regular or megular, 

hi order to allow liquid to flow diroogb 
a coDD^Mrtment die piece most not oonqteEly 
fin the conmaitment* Vari^as axxangements 
can be used to g^ the required flow. For 115 
ejramplF'y the pieces may be comigated dieet 
with the oorrugat^ms parallel to the directloQ 
of flow <if way be shsst corrugated and pet^ 
f orated widi die oormgations lymg at any ang^ 
or be flat sheets perfraated in such a w^rSt 120 
the pcrforatiQQs in one dieet are sta^ered 
relative to those in the nesx sheet 

Pieces of gauze or woven foS^coscdacooitt- 
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If dneaksSfy tteatbig coam bbdc or gmise 
to iittn>dQce ioMxdiaDro gn3iq>s. Tiiepro- 
docts are xuttmalfy pydfHffned sod it is six& 
S diCQt to lay disse one oa top of the odier 

is very dos^ it msy be necessary t0 inake 
pqforatifflis in a J&bda 
A garn , tbc plooes xnsy be bondks of ion- 

10 eacfaaxige xnatmal in fil^ oriodfbnn. These 
' cm be pacted jn psiaM boodles with their 
axes parallel to w direcdan of flow. The 
zods or ffans may be of a Tengdi e^oal to 
tlia^ of the wupaitm qat or be Suoter, 

15 Tetagada^dtei^eoes may be sheets or parts 
' of aheets coAossed so as (D fbon paraSd rods 
joined t9 ooe anodier by tWmicr webs; 

The dimen^ons of a mncal c ouip ait m cnt 
in a small cdl msy be 12 huhcsXl2 jocbesX 

20 SOduyosanddisoCaaindL Bsan^tles of pieces 
ia SDch a ctmipaiimeot wiU now be gjtveiu 
For instance^ s(A a coomaitmeat may c oa tflin 
no iDtMse than two pieces if these ate peifoated 
^teets each 12 ixtdics sQtiaie and 25 ihoo- 

25 sandAs of an inch th^ such sheets may 
hcfdx be perforated with hoie^ tsj^ difr- 
yqp^ hi a dose regular pattern bat offiKt 
from one anc^her in the two sheets. One 


sndi piece inaylgvecatim^eg dBmgey opcrtfes 

<m<l pift odier stt^^an- ^^ rim ngg Ul^pcitiCS^ 

A gafn pieces in the &rm o£ discs cot fzam 
a laige weet m^ be i indi in dimneier and 
25 ^iKisandths A an inch thtd^ and may be 
arranged either so diat the one layer is all 
of tibe one type and the q^ber hycc all of 
^ otiicr type or eadi type may qypear in 
bodi layers* 

'When faimc or gooze is nsed it maj he, 
say) 5 duniaandths of an iodi tbiffr, ^ets 
betog laid one on top of the other to fill 
die ocai^jartmmt- The layers may aheoiafie in 
dieir ion-esdiaime jaoperties* 

U Inmdles ctf zeds axe used th^ may be 
12 indies hmg to fill a 12 indi ccHxqiattmea^ 
or tn^ may be shorter and laid end to eod 
to ma&e im die i^git of die cQnoisrtiiienc* 
They shiml be arranged so that «ie iiqaid 
flow is along their leogdi. 

Agaioy rods eachj say> 50 thooaandtlis of an 
indi in ^"wng^w may be laid in a 
layer to coanpy the whole tWc^ess of me 
ooo^artmen^ find may be ahematdy cation- 
sdective and anioairseiective. 

For^ the Apnlicantit; 

GILU jsNimds & EVmT, 
GbastERd Patent Agents 
51—52, Gbanoery lan^ Lradcut W.C2. 
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